Abstract Osteoporosis is becoming an increasingly important public health issue and the measurement of BMD is important for diagnosing osteoporosis as well as predicting fracture risk and evaluating therapy efficacy. DXA is currently the best established method for osteoporosis diagnosis, and, however, QCT is more sensitive to the change of BMD with the ability of measuring the volumetric BMD. With the disadvantage of the relatively higher radiation dose over DXA, the clinical application of QCT in the management of osteoporosis warrants further development.
Introduction
Osteoporosis was defined as ''a disease characterized by low bone mass and microarchitectural deterioration of bone tissue, leading to enhanced bone fragility and a consequent increase in fracture risk'' [1] . In addition, osteoporosisrelated fractures are one of the leading causes of significant morbidity and disability in elderly patients and increase the economic burden on the health care system. Osteoporosis is a kind of skeletal disorder characterized by compromised bone strength predisposing a person to increased risk of fracture [2] . Bone strength reflects the integration of bone mineral density (BMD) and quality [2] . BMD is expressed as grams of mineral mass per area or volume. The measurement of BMD is important for diagnosing osteoporosis as well as predicting fracture risk and evaluating therapy efficacy. Currently, as a technique with high precision and low radiation dose, dual X-ray absorptiometry (DXA) measurements of BMD have been universally adopted as a standard to define osteoporosis. However, DXA has some pertinent disadvantages that need to be considered: (a) It is a two-dimensional (2D) measurement, which only measures density/area (in grams per square centimeter). (b) Spine and hip DXA are also sensitive to degenerative changes, and individuals with substantial degenerative disease will have increased areal density, which will suggest a lower fracture risk than actually present [3 • ]. Recently, along with the development of multidetector CT (MDCT) scan technique, calibration phantom, and analysis software, quantitative computed tomography (QCT) BMD measurement is attracting more attention.
QCT BMD Measurement Technique
In the late 1970s and early 1980s, QCT BMD measurement was clinically practiced [4] . To perform QCT, a standard CT scanner with an external bone mineral calibration phantom underneath the patient is used and density values measured in Hounsfield units are transformed into BMD measured in milligrams hydroxyapatite per cubic centimeter using the phantom. Pre-scan calibration and consistent parameters of scan and reconstruction are required to make the results comparable and accurate. QCT has been found with good precision and reproducibility by a number of clinical studies performed in China [5 • , 6] .
While use of QCT has centered on 2D characterization of vertebral trabecular bone, there is interest in developing three-dimensional (3D) or volumetric quantitative computed tomography (vQCT) techniques both to improve spinal measurements as well as to extend QCT assessments to the proximal femur. Typically, the region of interest (ROI) should be placed inside the vertebral bodies of L1 to L3. Intra-vertebral variation in BMD measured by QCT was detected, and therefore the ROI should be placed in the middle of the vertebral body consistently to avoid measurement error [7 • ]. Currently, single-slice QCT techniques are highly operator dependent, requiring careful slice positioning and angulation as well as careful ROI placement. In a volumetric approach, on the other hand, an image of the entire vertebral body is acquired, and the volumes of interest (VOIs) are determined and repositioned using the software [8] .
Because of the proximal femur's complex architecture and dramatic 3D variation in its density, the 2D QCT methods widely used in the spine cannot be used to assess proximal femur. Volumetric techniques are now available to measure proximal femoral BMD [3] . These 3D techniques encompass the entire object of interest either with stacked-slice or spiral CT scans and can employ anatomic landmarks by the CT image reformatting systems to define the relevant projections. These projections are equivalent to DXA images and ROIs. The 3D QCT techniques has been validated by recent study [6] .
Advantages and Disadvantages of QCT
Generally, QCT is easily available on standard clinical CT scanners using an external bone mineral reference phantom to calibrate the CT number measurements to bone-equivalent values as well as special software to measure the BMD of ROI.
QCT has some important advantages over DXA: (a) It allows true volumetric measurements of the lumbar spine and proximal femur, which are independent of the body size, (b) it provides purely trabecular bone measurements, which are more sensitive to monitoring changes with disease and therapy [9] , and (c) cross-sectional studies have shown that quantitative CT BMD of the spine allows better discrimination of individuals with fragility fractures [10, 11] . 3D reconstructed images can be used to reflect the distribution and continuity of trabecula, and in principle, the geometric parameters obtained by QCT have higher accuracy for predicting bone strength [12] [13] [14] . In addition, it should be noted that DXA has limitations in measuring BMD in patients with a body mass index over 25 kg/m 2 . In obese patients, superimposed soft tissue will elevate measured BMD owing to attenuation of the X-ray beams and beam hardening artifact [15, 16] .
Recommendations for the use of QCT instead of DXA are (a) in very small or large individuals, (b) in older individuals with expected advanced degenerative disease of the lumbar spine or morphologic abnormalities, and (c) if high sensitivity to monitor metabolic bone change is required, such as in patients treated with parathyroid hormone or corticosteroids.
Pertinent disadvantages of QCT are the relatively higher radiation dose (0.06-2.9 mSv) over DXA, but the QCT radiation dose is reasonable in comparing with other routine CT scans. When QCT is added to the routine clinical CT scans, there is no additional radiation. The QCT diagnosis of osteoporosis recommended by ISCD and ACR need more education for medical professionals.
Clinical Practice of QCT
On 2007, ISCD has developed Official Positions for the clinical use of DXA and non-DXA technologies, which point out that single-slice spinal QCT should include the vertebral bodies of L1 to L3, and 3D QCT should include L1 to L2 [17] . In addition, T12 or L3 to L4 are usually the alternative vertebral bodies in case the included one is not eligible for measurement [18] .
A T score is the standard deviation of the BMD of an individual patient compared with a young, healthy reference population, matched for sex and ethnicity. A T score of less than -1 to greater than -2.5 is defined as osteopenia, while a T score of -2.5 or lower is defined as osteoporosis by DXA. According to World Health Organization (WHO) and International Society for Clinical Densitometry (ISCD), this definition can be used for postmenopausal women and men older than 50 years [19 • , 20] . In addition, the ISCD has introduced guidelines for DXA of premenopausal women, men younger than 50 years, and children [19 • , 20] . In these populations, Z scores are used comparing individual BMD measurements to age-matched reference populations: A Z score lower than -2 is defined as ''below the expected range for age.'' It should be noted that osteoporosis cannot be defined using DXA BMD alone in these populations.
Limited number of longitudinal scientific studies assessed how QCT predicts fragility fracture, and most of all stated that T scores should not be used to define osteoporosis with QCT. A T score threshold of -2.5 for QCT would identify a much higher percentage of osteoporotic subjects and has therefore never been established for clinical use. Currently, vQCT techniques are state of the art [21] [22] [23] 3 or T score \ -3.4: osteoporosis) [17] .
For the reason that the WHO diagnostic standards for osteoporosis cannot be used by the technologies other than DXA, some researches compared the correlations of BMD to fractures between DXA and spinal QCT, and the equivalent T score can be used for diagnosis with a comparable sensitivity and specificity [24, 25] . For the reasons that various CT scanner, software for image analysis, and study populations were included, the value of equivalent T score (-2.9 to -3.8) for diagnosing osteoporosis was calculated by different studies [24] [25] [26] [27] .
For the postmenopausal women, spinal trabecular BMD measured by QCT shows comparable predictive ability for vertebral fracture in comparison to DXA. By comparing the abilities of discriminating vertebral fracture from osteoporosis in postmenopausal women between QCT and DXA, 3D QCT was superior to DXA, in addition significant difference was detected. Moreover, trabecular BMD measured by spinal can be used in monitoring the BMD changes related to age, diseases, and treatments [28] .
Epidemiology of Osteoporosis in China
Mean value of BMD varies among different age, genders, regions, and races. Sixty to eighty percent of peak bone mass is affected by genetic factors [29] , and twenty percent is affected by environmental factors. The variation of bone mass among different races and genders can be explained by the genetic difference of skeleton structure as well as the difference of height and weight. The bone mass of men is higher than that of women in each race, and the rate of fracture is lower in men. Moreover, the bone mass is different among the population in various countries as well as various regions of the same country.
Zhao, et al. investigated 704 men of Han and Uygur ethnics living in the Xinjiang province of China and found that the change trend of bone mass measured by QCT was same between the two ethnics; nevertheless, the peak value of bone mass and the prevalence of osteoporosis were higher for the Uygur ethnic compared to the Han ethnic [30 • ]. The differences of peak value of BMD, age of peak BMD, and prevalence of osteoporosis were also detected by other Chinese studies [31] [32] [33] . Some researches pointed out that polymorphism of gene (i.e., leptin receptor Gln223Arg, PPARc) in populations correlated with BMD, which may be one of the factors affecting the peak bone mass [34, 35] .
The study performed by Cheng, et al. included eight thousand of samples from 6 areas (Beijing, Guangzhou, Chengdu, Shanghai, Nanjing, and Jiaxing) in China and did not detected significant difference of spinal or femoral BMD among those 6 areas although there was a difference of body figure [36] . The prevalence of osteoporosis, defined as a BMD of \ or = -2.5 SDs from YA values established in that study, in female subjects of age 50 yr or older, was 28 % for the spine, 15 % for any femur site, and 31 % for any spine or femur site [36] . However, another study of multiple centers by Li, et al. showed that the prevalence of osteoporosis in the women older than 40 years was significantly different (24.5 %-11.8 %) among the 5 areas (Jilin, Shanghai, Sichuan, Guangzhou, and Beijing) in China, and in addition, the prevalence of osteoporosis in old men was lower in comparison to old women (11.5 % vs. 19.9 %) [37] . Ma, et al. investigated the prevalence of osteoporotic spinal fracture in the people of middle and old age in Chengdu and found that the prevalence of spinal fracture increased along with the increase of age, and in addition, women (17.3 %) and the country dwellers (19.0 %) presented a higher prevalence compared to men (15.0 %) and the city dweller (13.3 %) [38] .
Conclusions
BMD measurement is the critical method for screening and diagnosing osteoporosis as well as monitoring the effects of treatments. DXA and QCT are the most commonly used techniques for BMD measurement. DXA is currently the best established method for osteoporosis diagnosis in vivo because of its easy availability and low radiation dose. As the only technique to measure the volumetric BMD currently, QCT is more sensitive to the change of BMD in the progress of osteoporosis diagnosis and treatment. The clinical application of QCT in the management of osteoporosis warrants further development. 
